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It was anticipated that different types of obstruction of the outflow tract of the left ventricle, by bringing about abnormal ventricular pressure-volume relationships, might induce changes in the configuration of the apex cardiogram. It is thus the particular purpose of the present report to study the influence of hypertrophic subaortic stenosis and of valvular aortic stenosis upon the several components of the apex cardiogram.
Material and Methods
The patients studied included six with hypertrophic subaortic stenosis, 16 with valvular aortic stenosis, and one with myocardial hypertrophy of undefined etiology.
Hypertrophic Suibaortic Stenosis. The patients with this lesion ranged in age from 18 to 39 years: two were men and four were women. In all patients the diagnosis was established by cardiac catheterization. In five patients a moderate to large ventriculo-aortic gradient was present at R.G., R.J., and M.P. the diagnosis had been suggested by clinical examination, since these patients presented many of the features characteristic of this condition.2 These four patients had a resting subvalvular pressure gradient ranging from 38 to 92 mm. Hg. In patient R.G. the diagnosis was confirmed at operation and subsequent-Iy at autopsy. Selective angiocardiography, carried out in two patients, demonstrated systolic narrowing of the outflow tract of the left ventricle. All six patients were in sinus rhythm, five had evidence of left ventricular hvpertrophy on the electrocardiogram and had mild to moderate enlargement of the left ventricle on roentgenographic examination. M.J. showed incomplete right bundle-branch block in the electrocardiogram; the heart was not enlarged on roentgenographic examination.
Idiopathic Myocardial Hypertrophy. The patient with this condition was a 42-year-old man without valvular, hypertensive, or coronary artery disease. The diagnosis was made at cardiac catheterization with the aid of angiocardiography. At rest there was a 2-mm. Hg ventriculoaortic gradient but during an infusion of isoproterenol a gradient of 35 mm. Hg developed. The electrocardiogram showed normal sinus rhythm and left ventricular hypertrophy. Roentgenographic examination showed left ventricular enlargement.
Valvular Aortic Stenosis. The 16 patients with this lesion ranged in age from 20 to 64 years: eight were men and eight were women. All were moderately to severely limited in activity as a result of congestive heart failure. All were in sinus rhythm and presented electrocairdiographic evidence of left ventricular hypertrophy. Left ventricular enlargement of varying degree was detected on roentgenographic and fluoroscopic examination. The diagnosis was proved in all patients at cardiac catheterization. The systolic mean gradient across the aortic valve ranged from 24 to 44 mm. Hg. In four patients the diagnosis was confirmed at operation and in two of them at postmortem examination.
Methodls. The 
Results

Hypertrophic Subaortic Stenosis
"a"a Wave and Pre-ejection Components. In four of the six patients with this condition, the "a" wave was uniformly tall and peaked (figs. 1, 2, and 3). This same configuration of the "a" wave was recorded in some pa-tients with valvular aortic stenosis but not in normal subjects studied in this laboratory.' In patient T.T. the "a" wave became peaked during isoproterenol infusion ( fig. 4 ). The configuration and duration of the pre-ejection components of the apex cardiogram differed in no way from those seen in normal subjects or in patients with valvular aortic stenosis.
Ejection Component. This was distinctive and clearly differed from the normal apex cardiogram and from that of valvular aortic stenosis. During early ejection the apex cardiogram inscribed its normal descent. In five of the patients with subaortic stenosis, however, this descent was abruptly interrupted by a second sharp positive wave (figs. 1, 2, and 3). This wave coincided with both the peak of the diamond-shaped systolic ejection murmur and with the trough between the "Cpercussion" and "tidal" waves 2 of the carotid pulse. In one patient a second systolic wave was recorded on one occasion, not recorded on another. From the end of this second systolic wave a normal curve, including a normal bulge or an end-systolic shoulder, was inscribed (figs. 1, 2, and 3). It must be emphasized that the second systolic wave occurring in mid-ejection, here described, is quite distinct from the "late systolic bulge" described in, and considered to be characteristic of, this condition.3 Figure 3 illustrates a late systolic bulge recorded in a normal subject. This bulge is a normal finding and as such does not differentiate patients with hypertrophic subaortic stenosis from normal subjects. In summary, the apex cardiogram of patients with subaortic stenosis generally shows two distinct systolic waves plus either a normal late systolic bulge or an end-systolic shoulder. This proved too refined a distinction to be made from physical examination. In a few patients in whom a double early systolic wave was suspected on palpation, this was not confirmed in the apex cardiogram which showed instead a prominent 'a" wave or possibly a prominent late systolic bulge. Protodiastole, the rapid filling wave, and the slow filling wave did not differ from those in normal subjects ( fig. 1 ).
In six of the seven patients with functional obstruction of the left ventricular outflow tract, the end-systolic shoulder of the apex cardiogram preceded the onset of the aortic component of the second sound (A2?) as it did in the 25 normal subjects studied in this laboratory. 1 In the single exception this shoulder followed A2 by 0.02 second. This was in patient H.P. ( fig. 2A ) in whom cardiac catheterization demonstrated mitral regurgitation in addition to hypertrophic subaortic stenosis. Preliminary observations in this laboratory demonstrated that in many patients with mitral regurgitation the endsystolic shoulder of the apex cardiogram may follow the onset of A2. This finding can be explained by the early closure of the aortic valve described in cases of mitral insufficiency. 4 The use of isoproterenol has been de- scribed as a provocative test for the diagnosis of hypertrophic subaortic stenosis.5-7 The parallel observation of a second systolic positive wave may likewise be induced in the apex cardiogram only under the special condition of such a test. Patient T.T., for example, was found to have muscular subaortic stenosis at cardiac catheterization. At rest tlle gradient across the left ventricular outflow tract measured 40 mm. Hg. During the infusion of isoproterenol the left ventricular pressure rose, the brachial artery pressure fell, and the gradient increased to 80 mm.
Ilg. On the following day an apex cardiogram was recorded ( fig. 4 ). At rest this showed no significant difference from normal but an infusion of isoproterenol induced the characteristic changes of subaortic stenosis described above; a second systolic wave developed coinciding with the peak of the diamond of the systolic ejection murmur. At the same time the intensity of the murmur increased and the carotid pulse became char-acteristic of that described in hypertrophic subaortic stenosis.2
Idiopathic Myocardial Hypertrophy
In the patient with this condition, no obstruction was detected at rest across the left ventricular outflow tract during cardiac catheterization. During an infusion of isoproterenol, however, a gradient of 35 mm. Hg de- veloped. An apex cardiogram performed at rest was normal but infusion of isoproterenol, similarly performed, induced the characteristic changes of muscular obstruction of the outflow tract ( fig. 5 ).
Valvular Aortic Stenosis
With one exception the apex cardiogram in 16 consecutive patients with valvular aortic stenosis, observed in the course of 1 year, reflected obstruction of the outflow tract from the very moment of the onset of left ventricular ejection (fig. 2 ). Instead of a rapid descent from the maximal systolic peak, there was a gradual, sloping plateau that remained The effect of isoproterenol was studied in one of the patients with valvular aortic stenosis. Patient M.M. with rheumatic aortic stenosis showed, at rest, an apex cardiogram characteristic of this condition ( fig. 6 ). During an infusion of isoproterenol, which accelerated the heart rate and accentuated the murmur, a slight change developed in the configuration of the ejection component of the apex cardiogram but a second systolic wave did not appear.
Effect of Isoproterenol upon the Normal Apex Cardiogram
As seen above, patients with mild or moderate subaortic stenosis may have a normal apex cardiogram at rest but when such patients are given an infusion of isoproterenol these tracings may exhibit the characteristic changes associated with this condition (figs. 4 and 8) . This raised the question of the effect of this agent upon individuals without subaortic stenosis. When tested in three normal individuals, the drug did not induce this effect. Figure 7 recorded in one of us, for example, shows a normal apex cardiogram and the changes that occurred during the infusion of isoproterenol. Although the heart rate doubled, a second systolic wave in midejection was not induced. It would seem, therefore, that the second systolic wave induced in some patients with hypertrophic subaortic stenosis was an effect not of the drug, but of the underlying disease. crotic shoulder on the ascending limb. 8 In hypertrophic subaortic stenosis the carotid pulse usually shows a prolonged ejection time' but, by contrast, there is a rapid "percussion wave" followed by a "secondary tidal peak."2 The percussion wave reflects the period of unobstructed left ventricular ejection; the secondary tidal wave is inscribed during the period when the hypertrophied septum actually obstructs the left ventricular outflow tract. In other words, early ejection is not compromised; obstruction develops in the latter phases of ventricular systole as contraction proceeds.
Hypertrophic subaortic stenosis was associated with characteristic changes in the ejection component of the apex cardiogram. Why these were at variance with the apex cardiogram of normal patients or of patients with valvular aortic stenosis may be explained in the following way. At the moment of aortic valve opening and the onset of left ventricu-lar ejection the apex cardiogram inscribed, as in normal individuals, a sharp negative deflection. As the hypertrophied myocardium impinged upon the outflow tract a second systolic wave was inscribed in mid-ejection. In other words, "hypertrophy" developed into "stenosis" as systole progressed. In valvular aortic stenosis, by contrast, obstruction was reflected in the apex cardiogram from the very moment of onset of ejection (fig. 2 ).
The second systolic wave of subaortic stenosis, here described, was quite distinct from the late systolic bulge mentioned above. A late systolic bulge was inscribed in seven of 25 consecutive apex cardiograms recorded in normal subjects 1 (fig. 3 ). This bulge occurred later in the ejection component of the apex cardiogram than the second systolic wave.
The dynamic nature of subaortic stenosis has been documented recently.5-7 At rest with the heart initiating contraction from a normal end-diastolic volume, no obstruction to outflow need be apparent. Any stimulus, e.g., isoproterenol, causing the heart to initiate contraction from a smaller end-diastolic volume, wlould favor the intrusion of the hypertrophied septum upon the outflow tract. Whereas no gradient may be measured across the outflow tract at rest, one may thus be detected under the stimulus of this agent.
Idiopathic myocardial hypertrophy may also result in subaortic stenosis.2 Although the muscular elements of the heart are hypertrophied, the chambers are often diminished in size. This set of circumstances predisposes to obstruction of the outflow tract. Isoproterenol may therefore transform a potential gradient into a real gradient. Although this drug causes tachycardia, it appears that no changes similar to those seen in hypertrophic subaortic stenosis or myocardial hypertrophy are observed in the apex cardiogram when this agent is administered to individuals with normal hearts or patients with valvular aortic stenosis (figs. 6 and 7).
The prominent "a" waves recorded both in patients with subaortic stenosis and valvular Circulation, Volume XXX, September 1964 A REST aortic stenosis are not diagnostic of obstruction of the outflow tract of the left ventricle. It has been suggested9 that in instances of left ventricular hypertrophy the passive filling of the ventricle is diminished due to the resistance offered by the ventricle; the contribution of atrial systole is therefore augmented to compensate for the diminished filling of the left ventricle during early diastole. In short, the prominent "a" waves recorded at the apex cardiogram are a nonspecific effect of left ventricular hypertrophy.
Summary
The use of the apex cardiogram offers a simple yet valuable aid in the diagnosis of obstruction of the left ventricular outflow tract. Characteristic changes in the ejection component of the apex cardiogram distinguish obstruction due to hypertrophic subaortic stenosis from obstruction due to valvular aortic stenosis. A second systolic wave is inscribed in the mid-ejection period of the apex cardiogram in hypertrophic subaortic stenosis. This wave reflects the development of the obstruction of the outflow tract of the left ventricle by the hypertrophied septum. This obstruction is not apparent in the apex cardiogram at the onset of ejection but becomes manifest as contraction progresses.
Although the apex cardiogram in patients with subaortic stenosis may appear normal at rest, isoproterenol may act as a provocative agent inducing the characteristic changes of this condition.
In valvular stenosis obstruction is reflected in the apex cardiogram from the very onset of ejection and is manifest throughout the total ejection phase as a sustained gradual sloping plateau.
